Abstract. The presence of the Epstein-Barr-virus (EBV) has been reported to be a pathogenic factor in breast cancer (BC). We previously demonstrated the aggressiveness of EBV-positive BC. The purpose of the present study was to evaluate the effect of EBV on the prognosis of BC according to the BC phenotype. A total of 117 patients with primary BC previously tested for the presence of EBV were evaluated. The presence of the virus was evaluated in breast specimens using quantitative PCR (qPCR). Disease-free survival (DFS) and overall survival (OS) were evaluated for 4 molecular subtypes, namely luminal A and B (lumA and lumB, respectively), human epidermal growth factor receptor 2 (HER2) and triple-negative (TN) subtypes and according to the EBV status. EBV positivity was observed in 32.5% of the cases. TN, HER2 and lumB tumours were more frequent among EBV-BC cases (P=0.02). The DFS rates were different between BC subtypes (P=0.002), but the differences were not statistically significant when the cases were stratified according to the EBV status (P=0.08 for EBV-negative and 0.06 for EBV-positive cases). The OS rates were similar for BC subtypes (P=0.50) and when the cases were stratified according to the EBV status (P=0.16 and P=0.67 for EBV-positive and -negative cases, respectively). EBV was not associated with DFS or OS, in contrast to BC phenotypes, tumour size or nodal status. Therefore, EBV positivity was found to exert no effect on survival, despite its association with aggressive BC phenotypes.
Introduction
Breast cancer (BC) heterogeneity is associated with diverse causal factors, such as heredity, environmental exposure, hormonal impregnation and infectious agents. Among these factors, viruses are regularly implicated in the pathogenesis of cancer, although the results of different studies have been inconsistent (1) . In particular, the Epstein Barr virus (EBV) is clearly associated with nasopharyngeal cancer, but a causal relationship with BC was also demonstrated in the mid-1990s (2). The reported incidence of EBV-positive BC varies according to the technique used and the targeted viral genomic regions (1) . We previously demonstrated the presence of EBV in ≤30% of BC specimens (3, 4) . Of note, EBV-related BC were found to be associated with more aggressive patterns (4) .
A previous study published by Perou et al using genomic profiling has made a major contribution to the understanding of BC heterogeneity (5) . A new classification is currently available, based on 5 expression signatures revealing distinct patterns. The BC subtypes clearly reflect groups with different outcomes and response to chemotherapy (6) . Using clinicopathological factors, such as hormone receptors (HRs), human epidermal growth receptor 2 (HER2) and grade or Ki67, this intrinsic BC classification may be determined in routine practice (7) .
Several questions regarding the significance of EBV in BC remain challenging and the association with oncogenesis remains obscure. An adverse outcome for EBV-positive BC was previously suggested (8, 9) . The purpose of our study was to evaluate the prognosis of EBV-positive BC. In addition, we incorporated the BC subtype classification in order to refine the evaluation of the prognosis.
Patients and methods
Patients and methods. All the BCs investigated were identified through a prospective institutional database search. All the patients with primary BC had undergone surgery at the Department of Obstetrics and Gynaecology, Conception Hospital, Marseille, France. BC tissue samples were prospectively collected between 1981 and 1998. The indications according to the department protocols for adjuvant treatment were based on the tumour size, patient age, grading, HR status and nodal status. Patients who had undergone conservative treatment had also received breast radiotherapy. Radiotherapy had also been delivered to the internal mammary lymph nodes in cases with centrally or internally located tumours and to the supraclavicular and internal mammary lymph nodes in cases with positive axillary lymph nodes. Hormone therapy had been administered for 5 years to all HR-positive tumours. and progesterone receptor) status had initially been determined biochemically in cytosol fractions and then expressed quantitatively as fmol/mg protein (Abbott Laboratories, Diagnostic Division, Chicago, IL, USA). The EBV status had been determined using quantitative polymerase chain reaction (qPCR). The protocol was previously described (3, 4) and approved by Johi and Buehring (1), who consider our analytical chain as one of 4/30 EBV-positive studies that convincingly demonstrated the presence of EBV in BC.
Statistical analysis. The differences in baseline characteristics between the EBV-negative and EBV-positive subgroups were summarized and compared using the Chi-square test (categorical variables) or the Student's t-test (continuous variables). Survival rates [overall survival (OS) and disease-free survival (DFS)] were measured from the date of surgery to the time of disease-related death or to the first clinical or radiographic evidence of recurrent disease. We plotted Kaplan-Meier curves for DFS and used the log-rank test to determine the univariate significance of the variables. All the analyses were performed using the SPSS software package version 21 (SPSS, Inc., Chicago, IL, USA). P-values <0.05 were considered to indicate statistically significant differences. All the reported P-values are two-sided.
Results
Tumour characteristics. Our data demonstrated that the tumours in 38 of the 117 patients (32.5%) exhibited positivity for EBV. The characteristics of the study population are summarized in Table I . The majority of the tumours were T1 (58.1%), node-negative (56.4%), grade I-II and HR+. The clinicopathological characteristics according to the EBV status are presented in Table II . A significant correlation was observed between viral positivity and grading in the univariate analysis. Thus, the frequency of grade III tumours was higher among EBV-positive BC cases. The oestrogen receptor status was of borderline significance. When BC was classified according to subtypes (Fig. 1) , triple-negative (TN), HER2 and luminal B (lumB) tumours were more frequent among EBV-positive BC cases (P=0.02).
Survival. When these survival rates were stratified according to the molecular phenotype, the DFS rates differed among BC subtypes (P=0.002), but the difference did not reach statistical significance when they were stratified according to the EBV status (P=0.08 for EBV-negative and 0.06 for EBV-positive BC). The OS rates were similar among BC subtypes (P=0.50) and when they were stratified according to the EBV status (P=0.16 and P=0.67 for EBV-positive and -negative cases, respectively) (data not shown).
The 5-year DFS in patients with EBV-positive BC was 67.5% (95% CI: 45.4-100%) for lumA, 41.7% (95% CI: 14.7-100%) for lumB, 46.9% (95% CI: 21.5-100%) for HER2 and 100% for TN BC. The 5-year DFS in patients with EBV-negative BC was 
Discussion
Several converging studies have demonstrated the presence of EBV in BC. However, despite evidence on the presence of EBV in BC specimens, an oncogenic role for EBV has yet to be established and the significance of EBV-positive BC has not been fully elucidated.
Virus-related BC has a poor prognosis, particularly when multiple viruses are detected in breast specimens (8) . We previously demonstrated that EBV-positive BC exhibits more aggressive characteristics (3, 4) . Other authors corroborated our findings (2,8) ; however, the effect on survival has not been extensively investigated. The subgroup analyses as a function of the BC phenotype confirmed that the EBV status exerted no effect on survival outcome (DFS or OS). Of note, in EBV-positive tumours, DFS was of borderline significance, with an adverse prognostic outcome for lumB and HER2 tumours. LumB and HER2 tumours were previously demonstrated to carry a poor prognosis (6) .
There were certain limitations to our study. Our series was small, information was lacking on the adjuvant therapies administered and the treatments received were heterogeneous. In particular, the unavailability of trastuzumab therapy when the patients were treated may have significantly affected the prognosis of HER2 tumours. In response to published comments by Khan G et al (10) on our previous study (4) and in order to understand the discrepancies regarding the detection of viral genomic DNA in BC, it is important to take into consideration the viral genomic load and the amount of DNA in the samples tested. Similarly, in tests for gene mutations in somatic samples, we cannot consider the limits of the detection method without taking into account the total amount of DNA tested. In this study, we demonstrated that the presence of EBV did not exert an adverse effect on the prognosis, or on OS and DFS. This finding is quite surprising, given the greater representation of high-grade and HER2 tumours, but significance was not demonstrated when survival estimates were stratified according to the EBV status (P=0.08 for EBV-negative and 0.06 for EBV-positive tumours), although the values were of borderline significance. It is noteworthy that TN, HER2 and lumB tumours were more frequent among EBV-positive BC cases (P=0.02). The implication of EBV in BC requires further investigation, which may be facilitated by the improvement of droplet digital PCR. The sensitivity of this technology is well suited to address these questions and, above all, the presence or absence of viral genome in tumours of epithelial origin.
The presence of EBV in BC is frequently reported and has been associated with more aggressive forms. However, the prognostic significance of EBV presence remains unclear. Future studies are required to identify the association of EBV presence and activity at the DNA level, as it has not been clearly determined whether EBV acts as an oncogene in BC.
